Immunohistochemical screening of monoclonal antibodies (mAbs) raised against fractions rich in the dendrodendritic synaptosomes of the rabbit olfactory bulb revealed that one of the mAbs (mAb 271A6) recognized a telencephalon-specific antigen or antigens. Thus, the stain with mAb 271A6 was observed throughout the gray matter of all regions of the neocortex, piriform cortex, hippocampus, striatum, septum, and the amygdaloid nucleus, in addition to the main and accessory olfactory bulbs. The mAb 271A6, however, labeled neither nontelencephalic regions of the central nervous system nor the peripheral nervous system so far examined. Dot-immunobinding assays of homogenates of various brain regions also showed the telencephalon-specific distribution of the antigen designated as 271A6. Antigen 271A6 is developmentally regulated. At birth, the antigen was expressed in a small quantity only in phylogenetically older telencephalic regions such as the olfactory bulb, piriform cortex, striatum, cingulate cortex, and hippocampus. It was hardly detectable in most areas of the neocortex. The densities and areas of 271A6-positive structures increased during the early postnatal period. These results demonstrate a molecular specificity of the most rostral brain segment, the telencephalon. mAb 271A6 may be a good tool for obtaining a better understanding of the molecular basis of the segmental organization or the segment-specific functions of the brain.
During prenatal development, the vertebrate brain forms five segmental enlargements (vesicles)-telencephalon, diencephalon, mesencephalon (or midbrain), metencephalon (pons and cerebellum), and myelencephalon (or medulla oblongata) (1, 2) . Each vesicle gives rise to specific regions of the adult brain. This segmental organization is therefore assumed to be the basic plan for the development of the central nervous system, and it may have great significance in ordering the structure and function of the brain. Among these vesicles or segments, the most rostral one (the telencephalon) expands most conspicuously in mammals and forms the complex telencephalic structures of the adult brain such as the cerebral neocortex, piriform cortex, hippocampus, striatum, septum, amygdaloid nucleus, and olfactory bulb.
Although the molecular basis of the brain's segmental organization is unknown, it can be assumed that the vertebrate nervous system expresses certain molecules that are specific to one or more of the brain segments. In the course of an immunohistochemical screening of a number of mAbs raised against dendrodendritic synaptosomes (3) of the rabbit olfactory bulb, we noticed that one of them, mAb 271A6, strongly labeled the gray matter of all regions belonging to the telencephalic segment, whereas it did not stain other brain segments. In the present study, we have examined the spatial distribution of antigen 271A6 [i.e., molecule(s) recognized by mAb 271A6] in various regions of the central and peripheral nervous systems of the rabbit, using immunohistochemical staining methods and the dot-immunobinding assay.
MATERIALS AND METHODS
Hybridoma Production. According to the method of Kornguth et al. (3) , fractions rich in dendrodendritic synaptosomes (bands 6 and 7, see ref.
3) were isolated from a homogenate of rabbit olfactory bulbs by centrifugation in discontinuous sucrose gradients. BALB/c mice were immunized four times over a 5.5-month period with the above fractions (1-4 mg of protein per injection) emulsified with complete Freund's adjuvant. Three days after the final injection, the spleen of a mouse was removed; and the splenocytes were fused with X63-Ag8-653 myeloma cells by using polyethylene glycol 1000 (Nakarai Chemical, Kyoto, Japan), following the standard procedure (4 
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borohydride (Wako, Pure Chemical Industries, Osaka) (5, 6) in Pi/NaCl. They were thoroughly washed in Pi/NaCl and covered with hybridoma culture supernatant for 30-60 min.
Sections were then washed in Pi/NaCl and processed by the avidin-biotin complex (ABC) method (7) , using an avidinbiotin-peroxidase complex kit (Vector Laboratories, Bur 1 and 2 ). In the main olfactory bulb (Fig. LA) , mAb 271A6 strongly stained the external plexiform layer (EPL) and the granule cell layer (GRL). The stain was distributed relatively uniformly in these layers but was absent within somata and thick dendrites. The glomerular layer (GL) showed only a faint stain, and no immunoreactivity was observed in the olfactory nerve layer (ONL).
In the cerebral neocortex (Fig. 1B) , all layers (laminae I-VI) ofthe gray matter were stained intensely. However, the underlying white matter was unstained except for sparsely distributed 271A6-positive processes (not shown). Strong immunoreactivity was present also in the hippocampus (dentate gyrus, Ammon's horn, and subiculum). In the Ammon's horn (Fig. 1C) , the stain was distributed in the lacunosum molecular (LMol), radiatum (Rad), and oriens (Or) layers. Somata in the pyramidal layer (Py) and thick dendrites in the radiatum layer contained no immunoreactivity but were surrounded by the stain. The stain was absent from the white matter of the alveus (Alv).
In sharp contrast to the above staining pattern, the 271A6 immunoreactivity was totally absent from the more caudal regions such as the thalamus and midbrain. As exemplified in Fig. 1D , no stain was observed on sections of the midbrain (marked by a star in D), whereas the overlying cerebral neocortex (NC) showed a strong staining. Fig. 2 illustrates the regional distribution of 271A6 immunoreactivity in coronal sections of various levels of the rabbit brain. The immunostain was distributed in the gray matter of main and accessory olfactory bulbs, all regions of the cerebral neocortex, cingulate cortex, piriform cortex, olfactory tubercle, entorhinal cortex, caudate nucleus, putamen, septum, amygdaloid nucleus, and hippocampus. In contrast, the stain was absent from the thalamus, hypothalamus, midbrain, cerebellum, pons, and medulla oblongata. Spinal cord showed no immunoreactivity except for a very faint stain in the superficial laminae of the dorsal horn. Compared with that in the above telencephalic regions, the immunoreactivity in the superficial dorsal horn was negligible in quantity. Immunohistochemical analysis thus indicates that all the regions of the telencephalon show the presence of antigen 271A6 and that the antigen(s) is present almost exclusively within the telencephalon.
In addition, immunohistochemical staining showed that the antigen 271A6 was expressed only in the gray matter. The stain was absent from all parts of the telencephalic white matter, including internal capsule, lateral olfactory tract, anterior commissure, and corpus callosum (Fig. 2) . Dot Immunobinding Assay. Regional distribution of antigen 271A6 was determined also by examination of mAb 271A6 binding to homogenates of various regions ofthe rabbit brain, using the dot-immunobinding method (8) . The results obtained with this method coincided well with those obtained with the immunohistochemical staining techniques ( Table 1 ) and confirmed that antigen 271A6 is expressed specifically in telencephalic regions. Several regions of the peripheral nervous system were also examined for 271A6 immunoreactivity both by the immunohistochemical staining methods and by the dot-immunobinding assay. No immunoreactivity was detected in the dorsal root ganglia, sciatic nerve, trigeminal nerve, olfactory nerve, or olfactory epithelium.
Postnatal Development. Immunohistochemical examination of newborn rabbits with mAb 271A6 revealed the time course of and the regional difference in the postnatal expression of antigen 271A6. In P0 rabbits [birth date designated as postnatal day 0 (P0)], the immunostain was absent in virtually all areas of the cerebral neocortex. However, a weak but distinct immunostain was observed in restricted portions of the cingulate cortex, piriform cortex, hippocampus, striatum, and olfactory bulb (Fig. 3A) . During early postnatal development (from PO to P10), the density of 271A6-positive processes and the areas of the immunoreactive regions increased dramatically. In the P20 rabbits, all telencephalic regions were strongly stained with mAb 271A6, and the staining pattern was similar to that of the adult rabbit.
Such postnatal development of the expression of antigen 271A6 parallels the development of synapses in the telencephalic regions. For example, immunohistochemical examination of neonatal rabbits with mAb 171B5 [which recognizes a synaptic vesicle protein and thus labels synapses (11) ] showed that, on P0, most regions of the neocortex exhibited only a faint stain, while relatively strong staining was observed in most areas of the piriform cortex, hippocampus, striatum, and olfactory bulb. Fig. 3 compares the immunohistochemical staining pattern between mAbs 271A6 and 171B5 in the main olfactory bulb of newborn rabbits. In P0 specimens, a relatively weak 271A6 immunoreactivity was observed in the granule cell layer and in the deeper half of the external plexiform layer (Fig. 3A) . Patches of very faint stain were observed also in the glomerular layer. As shown in Fig.  3B , these laminae also showed the immunoreactivity with mAb 171B5. However, the superficial half of the external plexiform layer was stained only very weakly with either of the mAbs. In P9 specimens, however, the 271A6-positive region had expanded to cover most of the external plexiform layer except for its most superficial portion (Fig. 3C ). In line with this, most of the external plexiform layer showed immunoreactivity toward mAb 171B5 (Fig. 3D) . In the olfactory bulb of P20, the entire thickness of the external plexiform layer was stained strongly with either of the mAbs.
Properties of Antigen 271A6. No staining with mAb 271A6 was observed on the immunoblots of olfactory bulb proteins separated by NaDodSO4/PAGE. However, the dot-immunobinding assay showed that homogenates (containing 0.2% NaDodSO4) of the olfactory bulb and cerebral neocortex were strongly immunoreactive. In contrast, the immunoreactivity was abolished when these homogenates were heated at 100°C for 5 min (without NaDodSO4), indicating that the antigen is heat unstable. Treatment of tissue sections with 10 mM sodium periodate (for 30 min) did not affect the immunohistochemical stainings with mAb 271A6. No cross-reaction of mAb 271A6 was found in telencephalic regions of rat or monkey brain.
DISCUSSION
Antigen 271A6 showed a characteristic spatial distribution in the rabbit brain. The 271A6 immunoreactivity was present in the gray matter of all regions of the telencephalon but was absent from nontelencephalic regions. This demonstrates a molecular specificity of the telencephalon, the most rostral brain segment. The regional distribution suggests that the molecule(s) recognized by mAb 271A6 is related to some function or structure that is specific to the telencephalon and common to all regions of the telencephalon. mAb 271A6 bound to the gray matter but not to the white matter, suggesting that neither axons of projection neurons nor glia cells in the white matter express the antigen(s). Preliminary observation of olfactory bulb sections by electron microscopy indicates that mAb 271A6 binds to the plasma membrane of neuronal dendrites (T. Kosaka and K.M., unpublished observation). This suggests that dendritic membranes of telencephalic neurons differ in molecular properties from those of nontelencephalic neurons. However, morphological types of 271A6-positive telencephalic neurons remain to be determined.
The present results showed an interesting parallelism between the postnatal development of antigen 271A6 and synaptogenesis. At birth, the cerebral neocortex contains only a limited number of synapses, whereas a relatively large number of synapses are already present in the olfactory bulb (12) (13) (14) (15) . In correspondence with this, 271A6 immunoreactivity was nearly absent in the telencephalon of P0 rabbits, whereas weak but definite 271A6 immunoreactivity existed in the olfactory bulb (Fig. 3A) . During the early postnatal period of development, synaptic connections increase dramatically in the cerebral neocortex (12, 13) . The 271A6 immunoreactivity in the neocortex also showed a rapid increase during the same period. These observations suggest that the appearance of antigen 271A6 in the dendritic membranes of telencephalic neurons may be associated with synapse formation on their dendrites.
The finding of the telencephalon-specific antigen underscores the segmental organization ofthe brain. The segmental organization is ubiquitous in the nervous system: it is seen not only in the brain but also in the spinal cord of vertebrates and in the ganglia of invertebrates. Recent studies on Drosophila homeotic genes, mutations of which cause transformation of one body segment or part to another, demonstrated that some of the homeotic gene transcripts are expressed specifically in certain segments of the nervous system (16) . Many Drosophila homeotic and segmentation genes contain in their sequence a homologous region of 180 base pairs of DNA called the "homeobox" (17) . These homeobox-containing genes have been found also in Xenopus (18) , mouse (e.g., refs. 19 and 20) , and man (21, 22) . Furthermore, segment-(or neuromere-) specific expressions of the homeobox gene have been demonstrated in the embryonic mouse central nervous system (23, 24) . The telencephalon-specific expression of antigen 271A6 raises the possibility that the expression of this molecule is controlled by those genes that are concerned with specification of the telencephalic segment of the brain. Further studies, including analysis of the biochemical nature of antigen 271A6, are necessary to examine the above possibility.
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